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ABSTRACT 


In today's world, food scarcity is exacerbated not only by rising population, but 
also by soil infertility, which results in crop failure. Soil fertility declines after 
harvesting, necessitating the use of fertilizers to enhance soil fertility and increase 
nutrients. However, most farmers apply it by hand, resulting in over- or under- 
fertilization, which alters the soil because it must be used in moderation. We offer 
a suggestion of using an Internet of Things (IoT) for monitoring and checking the 
nutrients level in the study because soil nutrients boost productivity, yields, and 
crop health. Macro and micronutrients, soil PH, temperature, humidity, soil 
wetness, and sensors for insect repellent and deficiency detection will all be 
monitored by the system. 
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1. INTRODUCTION 


Macro and micronutrients, soil PH, temperature, humidity, soil wetness, and 
sensors for insect repellent and deficiency detection will all be monitored by the 
system. Long-term solutions would necessitate a rethinking of rural development 
as a result of technological penetration, as well as a shift in agricultural practices 
toward structural alterations that reflect wiser approaches and benefit farmers [1, 
2]. 

Agriculture is a significant economic sector in Tanzania, accounting for 29.1% 
of GDP and 67 percent of total employment, as well as being the primary source 
of industrial raw materials, food, and foreign exchange profits (Ministry of 
Agriculture, 2017). Tanzanian farmers cultivate a wide range of perennial and 
annual crops for both food and profit. Cereals, roots, tubers, fruits, and vegetables 
are among the crops farmed. 

The amount of additional fertilizer to be added as additional nutrients to 
boost soil fertility must be determined by measuring the soil nutrient 
concentration [3]. Farmers who do not have access to contemporary technology 
continue to use traditional methods to improve the quantity of plant food in their 
harvests. Aside from that, market technology is expensive, heavy, and difficult to 
deploy for less skilled farmers, which is why farmers are still using the manual 
method to feed their plants. [4]. This enhances the soil's quality, resulting in a 
higher-quality crop [4, 5]. 

These minerals support plant growth in many ways: nitrogen promotes leaf 
and vegetative growth, phosphorus encourages root and growth, and potassium 


promotes flowering, fruiting, and retains nutrition and water regulation in plant 
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cells. [1, 6, 7]. The main goal of this paper is to create a prototype detection system for important soil nutrients, water level, and pH. 


Problem statement 

Despite the government's efforts to set aside a significant portion of its annual budget for the agricultural sector's growth and 
development, farmers still face a number of challenges, including insufficient farming techniques, climate change, insufficient soil 
nutrients, and pest and insect attack on crops. Agricultural soil quality is a measurement of the soil's ability to serve as a suitable 
growth medium for plants by supplying the essential amounts of water and nutrients. The most common method of soil testing is 
to conduct chemical tests in laboratories, which takes at least a few days. The farmer calculates the amount of fertilizer needed 
depending on the size of the field, the crop to be cultivated, and the amount of nutrients present, which is a time-consuming 
process [8]. 

Fertilizers are added to the soil to maintain nutrient levels in the event of a shortfall. The majority of farmers prefer to estimate 
the amount of fertilizer and apply it manually. However, using the appropriate amount of fertilizer is critical, since too much or too 
little will hurt the plant and lower output [8]. Improper fertilizer use leads to poor crop quality, with plants lagging in color, size, 
test, and even quantity, and growing slowly or not at all. 


Figure 2. Plants die for excessive watering and fertilizer, source [10] 
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Justification and significance 

Agriculture is the backbone of a country's economy, providing people with fundamental ingredients as well as industrial raw 
materials. Despite the country's continued agricultural growth, inadequate availability to agricultural inputs reduces output. Excess 
fertilizer causes yellowing and browning of the plant's leaves, as well as leaf drop and failure to grow. Agriculture has undergone a 
significant transformation as a result of technological advancements, which may be linked to the integration of numerous gadgets 
and mechanisms in automating tasks [11, 12]. This review attempts to improve the uses of IoT for soil nutrients level while also 
reducing the unwelcome use of fertilizers in the soil. Maintaining nutrient levels in the soil in the event of a deficiency, and utilizing 
modern trends and technology to provide a solution to the aforementioned problem, as well as developing sensors to map these 


nutrient contents. 


Related Work 

In a precision farming system, soil monitoring utilizing IoT is a significant analytical method for identifying soil nutrients. [13]. The 
method can be combined with wireless sensor technology to collect real-time soil data online using mobile robot and vehicle-based 
sensors, resulting in more detailed spatial mapping than traditional soil sampling methods, though the latter can provide more 
accurate results for estimating the amount of fertilizer to apply to the soil. [14]. 

Agriculture developed with IoT technology would be extremely beneficial in cultivation. Cultivation will be difficult for a new 
agricultural area without knowing or monitoring the crucial soil properties and farmers may incur financial losses as a result [15]. 
Temperature, moisture, light, humidity, and pH value are all measured using various soil sensors. We can determine which crop is 
suitable for a certain soil characteristic based on information [16]. 

Similarly, increased food production is required to meet the growing need of a growing population throughout time. Fertilizers 
including mostly nitrate (N), phosphate (P), and potassium (K) are required to boost crop yields. [5]. The amount of fertilizer to use 
is also determined by the current levels of NPK nutrients in the soil. The amount of fertilizer to employ is also determined by the 
soil's current NPK nutrient concentration. 

The use of commercial N, P, and K fertilizers has resulted in a significant rise in agricultural crop yields. Excessive use of these 
fertilizers, on the other hand, has been blamed for contamination of surface and groundwater. Crop cultivation is divided into 
stages, each of which necessitates different nutrient levels. As a result, a farmer must devote a significant amount of time to 
monitoring the fields. Various ways for measuring soil nutrients are now available thanks to recent advancements in Wireless 
Sensor Network (WSN) technology. Farmers can improve agricultural productivity by knowing the level of soil nutrients since 
insufficient nutrient levels can harm crop yield, while excess nutrient levels can either have the same effect or be wasted. [17]. 

In addition, the Internet of Things (IoT) plays a vital role in smart irrigation systems. Using innovative technologies in the 
agricultural industry will be extremely beneficial to the farming process. As a result, soil nutrients are frequently regarded as the 
most critical nutrients. It provides a brief overview on the most important nutrient detection in soil. A study developed a portable 
gadget model that may be used to monitor nitrogen concentrations in soil samples [18]. 

Because of the need to provide precision and quality to the agricultural production chain, the agricultural scenario appears to be 
one of the most potential application areas for WSN. Because the criteria are so stringent, this necessitates rigorous system design, 
battery lifespan maximization, robustness, recovery techniques, network flexibility, and re-configurability [19, 20]. It uses a ZigBee- 
based wireless sensor network to monitor environmental parameters such as weather, soil moisture content, soil temperature, soil 
fertility, weed identification, water level, crop growth monitoring, precision agriculture, automated irrigation, and agricultural 


product storage [21]. 


2. A PROTOTYPIC DESIGN 


The suggested system for advanced farming with IoT aims to meet the following requirements: improved crop output and reduced 
pesticide and fertilizer usage. Automatic soil nutrient monitoring and management, as well as insect repellant. Increasing soil 
fertility together with crop output allows farmers to receive soil reports immediately to their phones. Obtaining statistical data on 
soil nutrient levels to aid in determining crop and fruit quality. Analyzing crops and fruits to discover nutrient deficiencies and 
increase production quality; and, finally, maintaining fertilizer consumption and addition. Then, to keep the land active, use crop 
rotation (Figure 3). 
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Figure 3. Sample proposed system with IoT 


3. DISCUSSION 


It takes a long time for manually measure soil nutrients. Many farmers do not conduct soil testing in the laboratory and continue to 
plant the same crop on the land, causing the soil to lose its fertility. The soil nutrient analysis, which is generally done using 
laboratory techniques, is required to recommend a proper fertilizer dosage. To attain the aim of Zero Hunger by 2030, an integrated 
approach and the transformation of food systems will be used to achieve the vision of a world free of hunger, malnutrition, and 
rural poverty. 


4. CONCLUSION 


In general, the IoT for monitoring system will assist farmers in gathering real-time information about diverse soils, their fertility 
levels, and recommending crops and fertilizers via texts or e-mails at their convenience. According to the results of a number of 
experiments, the built IoT system is shown to be beneficial to farmers in terms of increasing crop yields. Finally, this project effort 
will assist farmers in making the best decision possible, resulting in increased yield and economic benefit. 
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